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Performances of Phase-Change Recording Disks
Based on GaSbTe Media
Chain-Ming Lee, Wen-Shin Yen, Jung-Po Chen, and Tsung-Shune Chin
Abstract—Phase-change optical disks with novel GaSbTe
recording media were prepared in the DVD+RW format and
evaluated by a dynamic tester at 1X speed. The studied com-
positions locate along the Sb7Te3-GaSb and Sb2Te3-GaSb
pseudo-binary tielines. The disks were prepared by an RF co-sput-
tering method. Enhanced recrystallization has been demonstrated
in the disks with Sb7Te3-rich recording layer. An approximated
composition Ga2Sb5Te3 even exhibited a nearly complete erasure
(CNR 45 dB, dc erasability 40 dB). Relationship between
the dynamic characteristics and crystal structure of the GaSbTe
materials has been proposed.
Index Terms—Chalcogenide, dynamic testing, Ga-Sb-Te, optical
disk, phase change.
I. INTRODUCTION
THE doped eutectic SbTe alloy has become the most pop-ular material for high-speed optical recording due to its
growth-dominated recrystallization process. The maximum data
transfer rate scales inversely with the laser spot size [1]. One
example is the successful AgInSbTe alloy for rewritable disks
in which Ag and In were doped into eutectic SbTe to replace
part of Te [2]. The effects of various dopants into eutectic SbTe
such as Ge, Ga, In, and Ag have been extensively studied [3].
The addition of Ge into eutectic Sb Te helps to improve the
archival life significantly. By raising the Sb/Te atomic ratio with
In or Ga incorporation, the crystallization speed can be further
increased. The purpose of this study is to investigate the feasi-
bility of ternary GaSbTe alloy for high-speed recording. The
effects of GaSb doping into eutectic SbTe and stoichiometric
Sb Te were explored.
II. EXPERIMENT
Optical disks in DVD RW format were prepared by RF and
dc sputtering. The conventional 4-layer rapid cooling struc-
ture (ZnS-SiO 80 nm/GaSbTe 15 nm/ZnS-SiO 17 nm/Ag
alloy 120 nm) was adopted. During the co-sputtering process of
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Fig. 1. Compositions of GaSbTe films indicated in the ternary diagram.
GaSbTe layers, the compositions along the designed pseudo-bi-
nary tielines were varied by controlling the relative power ratio
of the sputtering targets (GaSb/Sb Te or GaSb/Sb Te ).
A dynamic tester for DVD-R/RW (Pulstec DDU1000) was
employed to evaluate the writing, erasing characteristics and
overwriting cyclability at 1X revolution speed (3.5 m/s). The
morphology of 3 T written marks before and after dc erasing
was examined by transmission electron microscopy (TEM), Jeol
JEM 200CX.
III. RESULTS AND DISCUSSION
The compositions of GaSbTe films analyzed by electron
probe X-ray micro-analyzer (EPMA), Jeol JXA-8800M are
indicated in the ternary diagram (Fig. 1).
Fig. 2 shows the compositional dependences of optimum
writing and erasing powers. The writing power changes contin-
uously on both studied tielines, but does not directly relate to
the melting points of the compositions. The erasing power does
not follow any rule between adjacent compositions. However,
the overall distribution is consistent with the trend in crystal-
lization temperatures [4].
The writing and erasing performances (3T CNR and dc
erasability) are shown in Fig. 3. Only compositions Sb Te ,
A, B, H, and GaSb show good writability above 45 dB, such
result is correspondent with the 14 T signal modulation (reflec-
tivity contrast, as shown in Fig. 4). The readout CNR shows a
rising trend with increasing modulation. Fig. 5 shows the TEM
images of corresponding 3 T mark shapes. Compositions A, B,
and H all reveal growth-dominant recrystallization feature, and
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Fig. 2. Compositional dependences of the optimum write and erase powers.
Fig. 3. Compositional dependences of the writability and erasability (absolute
value) of the GaSbTe disks.
enhanced growth rate was demonstrated by doping GaSb into
Sb Te .
The erasability generally follows the trend of writability ex-
cept at Sb Te and GaSb. Compositions A and B exhibit dc
erasability about dB and the outstanding composition H
shows almost complete erasure about dB. The overwriting
cyclability was evaluated by measuring the erasability of 3 T
signal after each 5 T overwrite. After 1000 cycles, composition
B exhibits superior performance ( dB) than that of composi-
tion A ( dB) with increasing noise level. On the other hand,
composition H does not show overwriting erasability ( dB)
as complete as dc erasure ( dB), however, the constant noise
level and the steady writing and erasing signals are what really
concerned.
It is proposed that some correlation exists between crystal
structure and dynamic characteristics of the GaSbTe system.
The X-ray diffraction patterns of laser-crystallized films exhibit
single hexagonal phase, and the lattice parameters can be
successfully determined by assuming the six-layered hexagonal
Fig. 4. Relationship between 14-T modulation and the corresponding 3-T
CNR.
Fig. 5. TEM images of the 3 T marks recorded on disk S7T3, A, B, and H.
The track pitch is 0.74 m. The written marks of disk Sb Te appear elliptical
in shape, while those of disk A round shape with shorter mark length and larger
spacing. This is due to the increased growth rate by introducing GaSb into
eutectic Sb Te , which enhances recrystallization at the bottom of the mark.
The further crescent marks of disk B illustrate more severe recrystallization
during mark formation. Besides, the bell-like mark shape of disk H also shows
much resemblance to that of disk A.
unit cell of space group R-3 m. Table I summarizes the compo-
sitions and lattice parameters of the studied GaSbTe films.
Referring to the crystallographic data, the writability is
roughly proportional to the lattice constant (Fig. 6), while
the erasability shows much correspondence with the lattice
parameter ratio . Except the terminal GaSb and composition
F, the erasability increases linearly with decreasing ratio
and reaches the maximum value at composition H (Fig. 7).
This behavior can be explained by examining the relationship
between crystallization speed and lattice geometry. The de-
creased ratio indicates lattice contraction along the axis.
The shortening of the c axis means the atomic layers along the
[001] direction are much closer and the atomic distribution in
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TABLE I
LATTICE PARAMETERS OF LASER-ANNEALED GaSbTe FILMS
Fig. 6. Relationship between writability and lattice constant a.
the lattice becomes more isotropic. As a result, the crystalliza-
tion speed is raised due to the reduction of atomic diffusion
distance.
Fig. 7. Linear relationship between erasability (absolute value) and c=a ratio.
IV. CONCLUSION
Dynamic evaluation of the optical disks based on GaSbTe
media has demonstrated superior performances (CNR about
45 dB, erasability about dB) at the Sb Te -rich composi-
tions (A, B) and the approximated composition Ga Sb Te (H)
at DVD 1X speed. The recrystallization rate is greatly en-
hanced by doping GaSb into Sb Te and a nearly complete
erasure ( dB) is found at Ga Sb Te . It is proposed that the
writability and erasability are related to the lattice constants.
Crystal lattice of lower c/a ratio contributes to the enhanced
erasability.
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